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Sarcoidosis
Sarcoidosis is a systemic granulomatous disease of unknown cause, characterized by
the formation of noncaseating epithelioid cell granulomas, consisting of mononuclear
phago‐ and lymphocytes, in various organ systems.1‐3 The diagnosis sarcoidosis is
established according to the World Association of Sarcoidosis and Other
Granulomatous Disorders (WASOG) guideline by excluding other granulomas provoking
disorders supported by a compatible clinicoradiologic presentation together with
histological evidence of granulomas (Figure 1.1).1,4 However, in patients presenting with
Löfgren’s syndrome, characterized by fever, erythema nodosum, bilateral hilar
adenopathy, and polyarthralgias, a biopsy will not be necessary to establish the disease
because of the specific disease presentation.5 Generally, chest radiographs are graded
according to the radiographic staging proposed by DeRemee: stage 0 (no visible
intrathoracic abnormalities), stage I (bilateral hilar lymphadenopathy), stage II (bilateral
hilar lymphadenopathy and parenchymal infiltration), stage III (parenchymal infiltration
without bilateral hilar lymphadenopathy), and stage IV (advanced lung fibrosis).1,6

a

b

Figure 1.1

a. PET/CT image of a sarcoidosis patient showing multiple foci with increased fluorodeoxy‐
glucose (FDG) uptake in the muscles of the lower extremities. b. Noncaseating granuloma
present in a biopsy obtained from the left quadriceps muscle of a patient with sarcoidosis.
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Epidemiology
The disease occurs throughout the world, affecting both men and women of all races
and ages.1 However, sarcoidosis shows a predilection for young adults in their working
age (25‐45 years).2 In general, the disease is more severe in black compared to white
patients.7 African‐Americans also had about a three‐fold higher age‐adjusted annual
incidence rate (35.5 cases per 100,000) compared with Caucasians (10.9 per 100,000).8
The incidence in the Netherlands is thought to be 20 per 100,000 and the prevalence 50
per 100,000.9 Scandinavian countries showed the highest prevalence rates.1,10

Etiology
Although the etiology of sarcoidosis is still unknown, it is assumed that sarcoidosis is
the result of an exaggerated granulomatous reaction after exposure of genetically
predisposed persons to specific environmental and occupational agents, such as
viruses, metal dusts, insecticides and moldy environments.1,2,4
For example, after the World Trade Center disaster, the incidence of sarcoidosis
among rescue workers of the Fire Department of New York was increased.11 Even
evidence exists that dental material with silicates might be a factor in the onset of
sarcoidosis in dental surgeons.12 Sarcoidal granulomas have also been reported in
tattoos, since the tattoo pigment is foreign body material.13

Clinical presentation
The clinical course of sarcoidosis is unpredictable and clinical manifestations are
variable, depending on the specific site and extent of the organ involvement, disease
activity of the granulomatous process, duration of the illness and severity. Patients may
suffer from a wide spectrum of organ‐specific symptoms, since every organ can be
involved. Most commonly the lungs are affected in approximately 90% of the
sarcoidosis patients, resulting in symptoms such as cough, breathlessness and dyspnea
on exertion. Besides the lungs, the skin, eyes, heart, lymphatic, nervous and
musculoskeletal system are often involved.1,14,15 In 50‐80% of patients with sarcoidosis
asymptomatic sarcoid muscle involvement will be detected by muscle biopsy.
Symptomatic muscle involvement is rare.16 Fluorine18‐fluoro‐deoxyglucose positron
emission tomography/computed tomography (18F‐FDG PET/CT) is a sensitive method to
detect inflammatory activity in extrathoracic organs, including muscle involvement
(Figure 1.1a).17,18 Patients also frequently visit their physician with non‐specific
health complaints, such as pain, arthralgia, cognitive failure19, anxiety, depressive
symptoms20,21, fatigue22,23, muscle weakness and exercise intolerance.24‐28 Although
physical impairments are common problems in sarcoidosis, the number of studies on
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this topic are limited. Muscle atrophy is a substantial problem in sarcoidosis with a
prevalence of 25% and is associated with impaired exercise capacity.29 In a previous
study, 50% of the sarcoidosis patients reported reduced exercise capacity and 22%
general weakness by completing a questionnaire.24 Besides muscle atrophy various
other causes of physical impairments exist, for example inefficient ventilation, oxygen
diffusing impairments, physical inactivity and use of corticosteroids.30 Studies
concerning muscle weakness included small study populations or sarcoidosis patients
with specific health complaints. Previous studies reported reduced mean values of
exercise capacity and muscle strength in sarcoidosis.25,28,31,32 However, studies about
the prevalence of muscle weakness and exercise intolerance in sarcoidosis are scarce.
Fatigue is a clear hallmark of sarcoidosis patients affecting quality of life (QoL)
negatively. The etiology of fatigue is still unknown and is most probably multifactorial.
Possible factors involved in the etiology of fatigue in sarcoidosis are inflammatory
activity33, sleep disturbances (obstructive sleep apnea syndrome)34, psychological
disorders (depression, anxiety and stress)21,35, cognitive failures19 and side effects of
drug use.22 Small fiber neuropathy (SFN) is common in sarcoidosis and linked to fatigue.
Symptoms in SFN, like pain and paraesthesias, may also interfere with physical
functions and functioning.36,37
However, fatigued patients with physical impairments may reduce their daily
physical activities, causing more perceived physical problems. This mechanism is also
called the negative vicious circle of physical deconditioning.25 Therefore, muscle
weakness or exercise intolerance may explain fatigue complaints partially. Although the
influence of physical functions on fatigue and QoL not has been studied extensively, it is
likely that improvement of physical functioning has a positive effect on patients QoL.

Course of the disease
In generally, the acute form of sarcoidosis, i.e. Löfgren’s syndrome, has a good
prognosis.9 More than 50% of the patients shows a spontaneous remission within two
years of the diagnosis, and within a decade for two‐thirds with few or no
consequences.2,5 However, the disease shows a progressive or chronic course in
10‐30%.1 Therefore, sarcoidosis is often classified into acute (<2 years) and chronic
(3‐5 years) phenotypes.2,38 A worse prognosis is associated with patient and disease
characteristics, like black race, extrapulmonary (neurological and cardiac) involvement,
and advanced pulmonary disease.1,9 The mortality rates in sarcoidosis range from 1‐8%
also as a result of neurological and cardiac involvement or progressive pulmonary
insufficiency, mainly due to pulmonary fibrosis or pulmonary hypertension.39
Mostly, sarcoidosis‐related symptoms are disabling, especially when they are
progressive or chronic, and can have a substantial impact on the patients’ daily
activities and families resulting in a reduced QoL.40,41 So far, studies using a longitudinal
study design to examine changes in physical functions over time in sarcoidosis are
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missing. Therefore, no conclusions can be drawn with regard to the course of these
physical impairments. This point is of clinical interest in the management of sarcoidosis,
since a physiotherapeutic intervention, for instance a rehabilitation program, could
offer added value in patients with persistent physical impairments.

Assessment of physical functions and functioning
The management of sarcoidosis patients suffering from physical impairments, requires
clinically useful tools to objectify the severity of these impairments. Commonly used
physiological tests in current clinical practice to assess disease activity and severity in
sarcoidosis include chest radiography, lung function testing and serological
parameters.1 These parameters are only weakly related with fatigue and do not reliably
reflect the patients’ QoL.42,43 So, patients without signs of inflammatory activity may
suffer from unexplained disabling symptoms, such as fatigue and dyspnea, resulting in a
reduced QoL. Frequently used questionnaires to assess fatigue complaints and QoL in
sarcoidosis are the Fatigue Assessment Scale (FAS) and World Health Organization
Quality of Life‐BREF assessment instrument (WHOQOL‐BREF).
In other chronic disorders exercise and/or muscle strength testing appeared to be
of additional value in the management of the disease.44 Therefore, it is important to
study the added value of physical testing in sarcoidosis patients with unexplained
disabling symptoms, especially when a discrepancy exists between clinical findings and
routinely used physiological tests. The six‐minute walk test (submaximal functional
exercise test) and cardiopulmonary exercise testing (maximal exercise test) are
commonly used exercise tests in the management of sarcoidosis.25,45,46 Peripheral
muscle weakness can be assessed using the Biodex System 3 Pro47, Jamar48 or a hand‐
held dynamometer (Figure 1.2).49

a
Figure 1.2
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Peripheral muscle strength testing in patients with sarcoidosis: a. Biodex System 3 pro
dynamometer b. Jamar dynamometer c. Hand‐held dynamometer.
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Therapeutic options
Pharmaceutical treatment often fails to eradicate persistent fatigue and physical
impairments in sarcoidosis.22 However, exercise training appeared beneficial in
improving exercise capacity, dyspnea and QoL and belongs to the standard of care in
the treatment of patients with chronic obstructive pulmonary diseases (COPD).44
Similar improvements were reported in patients with interstitial lung diseases (ild).50,51
Regrettably, studies reporting about the benefits of exercise training in ild only include
ild patients other than sarcoidosis or do not perform a subgroup analysis of the
sarcoidosis patients. Obviously, exercise training can fulfil an important role in the
treatment of these persistent disabling symptoms. However, studies to support the
benefits of exercise training in sarcoidosis are scarce.

Scope and aims of the study
The aims of the studies presented in this thesis were to assess the prevalence of muscle
weakness and exercise intolerance in sarcoidosis and the usefulness of exercise and/or
muscle strength testing in the management of sarcoidosis. Additionally, the predictive
value of physical functions for fatigue and QoL were assessed. And finally, the impact of
physical training on physical functions and QoL were studied. The studies included
patients with sarcoidosis who were referred to a tertiary ild care center in the
Netherlands.
Chapter 2 provides an overview of the current literature regarding prevalence,
assessment and treatment of muscle weakness and exercise intolerance in sarcoidosis
and the association between these physical parameters and fatigue, dyspnea and QoL.
Chapter 3 presents a case‐control study performed between November 2008 and
September 2009, which reported on the prevalence of exercise intolerance, muscle
weakness and fatigue measured with the six‐minute walk test, microFET, Biodex System
3 pro and Jamar dynamometer, maximal inspiratory mouth pressures and the FAS in
124 symptomatic Dutch sarcoidosis patients and 62 healthy controls. Also the
predictive value of exercise capacity, muscle strength and other clinical characteristics
for fatigue was evaluated. Chapter 4 describes the changes in the prevalence of
exercise intolerance, muscle weakness, and fatigue in 90 sarcoidosis patients of the
2008/9 study (chapter 3) and the changes in these parameters in individual
patients during a 2‐year follow‐up study. Chapter 5 evaluates the additional value of
cardiopulmonary exercise testing, performing a symptom‐limited incremental exercise
test with blood gas analysis on a bicycle ergometer, compared to the measurement of
the diffusing capacity of the lung for carbon monoxide (DLCO) in detecting pulmonary
gas exchange impairment in 160 sarcoidosis patients with unexplained disabling
symptoms. Secondly, the predictive value of physical testing and clinical characteristics
for impaired gas exchange was reported. Chapter 6 assesses the associations between
13
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QoL measured with the WHOQOL‐BREF and both physical functions (six‐minute walking
distance, peripheral and maximal inspiratory muscle strength) and clinical
characteristics in 88 symptomatic Dutch sarcoidosis patients and evaluates whether
these associations change over a 2‐year period. Chapter 7 shows the impact of a
13‐week physical training program (including peripheral muscle and endurance
training) for one hour, thrice a week, on fatigue, physical functions and QoL in
18 fatigued sarcoidosis patients and/or patients with exercise intolerance. Finally,
chapter 8 provides a summary of the findings presented in this thesis and a general
discussion. Additionally, the implications of the study outcomes for clinical practice are
argued and recommendations for future research are briefly discussed.
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